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Summary 
As part of an epidemiological study, an investigation was carried out on the lead 
and cadmium pollution of soil and street dust in the vicinity of a secondary lead' 
smelter in the town of Arnhem, Netherlands. Samples of soil and street dust 
were taken in residential quarters at different distances to the smelter. A signif­
icant correlation was found between Pb content of soil and distance to the smel­
ter. In the sampling area 1 km around the smelter the average Pb content in the 
soil layer 0-5 cm was 370 mg/kg and in the soil layer 5-20 cm 256 mg/kg. Mean 
Cd contents were 1.60 and 1.28 mg/kg respectively. Correlation between the 
contents in both layers was low for Pb and high for Cd, due to different degree of 
solubility of both heavy metals in the soil. A low but significant relation was 
found between Pb and Cd contents of the soil, suggesting that only part of the 
metals originated from the same source. Mean heavy metal concentrations in 
street dust (fraction <0.3 mm) were 761 mg Pb/kg and 3.81 mg Cd/kg. Correla­
tion between both heavy metals in street dust was high, suggesting same sources 
of pollution (mainly traffic). The most important sources of pollution for Pb and 
Cd in the studied area were the lead smelter and traffic. 
Introduction 
Food, ambient air, soil, street dust, house dust, drinking water and paint have all 
been described as pathways for human lead uptake from the environment. In 
the vicinity of lead smelters emphasis has been laid on ambient air, soil and 
house dust (Yankel et al., 1977). 
In 1978 an epidemiological study was performed in parts of Arnhem, a town 
in the Netherlands with a population of ca. 150 000 inhabitants, in order to esta­
blish the major pathways for lead uptake by children (aged 1-3 years) living in 
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the close vicinity of a secondary lead smelter. This study revealed the uptake of 
contaminated soil and dust as the most important contribution (Brunekreef et 
al., 1981). Main lead pollution sources in the area studied are emissions from the 
smelter and from traffic. The lead smelter has been in operation for the past 30 
years. Until recently the emission of lead into the air amounted to an estimated 
value of 500 kg per day but now it has been decreased to ca. 50 kg per day. 
However, lead deposited in the past could still cause future problems as lead 
tends to be rather immobile in soil. In order to evaluate the possibility of future 
uptake and to develop means for deminishing this, soil and dust in the sur­
roundings of the smelter were analysed for lead. Traffic being a source for emis­
sion of both lead and cadmium, the collected samples were also analysed for 
cadmium. Results of this survey are presented here. Possible treatments for de­
contamination of soil polluted with lead will be discussed in forthcoming pa­
pers. 
Materials and methods 
Samples of soil and street dust were collected at different distances from the 
smelter. For reference purposes sampling was also performed in a residential 
area of Wageningen, where no industrial air pollution with lead or cadmium oc­
curs and traffic is less intensive. 
The survey area in Arnhem, where no predominant wind direction occurs, 
can be divided into the following parts (cf. Fig. 1): 
N 
Î 
Fig. 1. Sketch-map of smelter and sampling area in Arnhem with location of the residential 
quarters. 
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a) area of ca. 1 km around the smelter, including; 
b) the residential quarter't Broek at 500-1000 m north of the smelter; 
c) the residential quarters Presikhaaf I, II and III at 1000-2000 m northeast of 
the smelter; 
d) incidental samplings at ca. 2 km from the smelter in northwest, northeast, 
southeast and southwest directions. 
Distribution of samplings was regularly spread over each of the areas but 
sampling density differed considerably (cf. Table 1). 
In the 1-km area, including't Broek, soil samples were taken at depths of 0-5 
and 5-20 cm below surface. In all other areas only the top-layer 0-5 cm was sam­
pled. Each sample, consisting of ca. 1 kg moist soil, was composed of ca. 30 sub-
samples collected over a surface area of about 10 m2. After drying at the air the 
soil was passed through a 2-mm sieve. 
I n ' t  B r o e k  a n d  i n  W a g e n i n g e n  a l s o  s t r e e t  d u s t  s a m p l e s  w e r e  t a k e n .  T h e  d u s t  
was collected after sweeping ca. 25 m2 of street surface for each sample. The dust 
was dried at the air and passed through a 0.3-mm sieve. 
5 g of air-dried, sieved sample were extracted with 40 cm3 3 M HCl for 3 hours 
in a boiling water-bath. After making up with de-ionized water to 100 cm3 the 
extract was filtered through a hard ash-free filter; Pb and Cd were measured in 
the filtrate by atomic absorption spectrophotometry (AAS). Results are ex­
pressed on the basis of air-dry material. 
The efficiency of the above extraction procedure was examined by compari­
son for a number of samples with the results of a digestion with HC104 and HN03 
in a ratio of 1:4 by volume. Digestion did not yield significantly higher contents 
of Pb and Cd. 
Results and discussion 
Analytical results are presented in Tables 1-3 and Figs. 2-6. The data are given 
as arithmetic means whereas also the variation is mentioned. These variations 
are rather high, partly due to inhomogenities of the materials analysed, partly 
due to different degrees of contamination. 
Soil 
As is shown in Table 1 the average lead content in the top-layer of the area 1 km 
around the smelter is elevated as compared to the residential area Presikhaaf 
and considerably higher than at the town of Wageningen. Uncontaminated soils 
usually have Pb contents of less than 100 mg/kg (Allaway, 1968). For urban 
areas values of 100-300 mg/kg have been reported (Roberts et al., 1974; Linzon 
et al., 1976). Near roads with high traffic density higher values can be found (up 
to 300-400 mg/kg, or even more). According to Linzon et al. (1976) soils with Pb 
contents exceeding 600 mg/kg should be indicated as severely polluted. Espe­
cially such high levels can contribute to an increased lead level in the blood of 
little children (Yankel et al., 1977). In the residential areas at greater distance 
from the smelter (Presikhaaf I, II, III) Pb contents decrease. Wageningen shows 
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mg Pb/kg 
Fig. 2. Lead content (mg/kg) of the soil layer 0-5 cm vs. distance (m) to the smelter. 
mg Pb/kg 
5-20 cm 
Fig.3. Lead content (mg/kg) of the soil layer 5-20 cm vs. 0-5 cm. Sampling area: 1 km around 
smelter. 
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Fig. 4. Cadmium content (mg/kg) of the soil layer 5-20 cm vs. 0-5 cm. Sampling area: 1 km around 
smelter. 
Fig. 5. Cadmium content (mg/kg) vs. lead content (mg/kg) for the soil layer 0-20 cm. Sampling 
area: 1 km around smelter. 
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Fig. 6. Cadmium content vs. lead content in street dust (mg/kg). Sampling area: residential quarter 
't Broek. 
a low average lead content of soil. 
From Fig. 2 it appeas that there is a low but significant correlation between 
lead content of the soil (layer 0-5 cm) and the distance to the smelter (r = 0.46 
and P = 0.005). An exponential fit gave the best results as is often found for this 
kind of pollution sources. For cadmium no such correlation could be found. The 
average background concentration for cadmium in soils is ca. 0.15 mg/kg (Page 
et al., 1972). Close to traffic ways higher values have been measured, up to 1-2 
mg Cd/kg (Lagerwerff et al., 1970). Table 2 gives the results for Pb and Cd for 
the different soil layers in the 1 km area. Also the average value for the 0-20 cm 
layer, as calculated from the 0-5 and 5-20 cm values (weighted arithmetic mean) 
is presented. The values are slightly higher than usually found in urban areas. 
Figs. 3 and 4 present a plot of the top-layer values against the 5-20 cm values for 
each sampling spot in the 1 km area, for lead and cadmium respectively. These 
figures give some interesting information about the mobility of both heavy me­
tals in the soils involved. In general solubility of Pb in soils is very low, de­
pending on factors like pH, complexation with dissolved organic matter or CI , 
and the adsorption capacity of the soil. Fig. 3 still shows a rather good correla­
tion between both layers (r = 0.55), probably due to mechanical translocation 
(biological activity or tillage). Cd solubility in soils tends to be high. The high 
correlation (r = 0.85) resulting from Fig. 4 is ascribed to leaching in addition to 
mechanical translocation. 
From Fig. 5 it appears that a significant although low correlation exists 
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Table 1. Number of samplings and Pb content (mg/kg) of the soil layer 0-5 cm in different sampling 
areas. 
Sampling area Number of samples Arithmetic mean Range 
Arnhem: 
— 1 km around lead smelter 143 370 21-2309 
— 't Broek* 71 327 21-1126 
Presikhaaf 47 182 93- 303 
— Presikhaaf I* 11 164 121- 264 
— Presikhaaf II* 27 203 128- 203 
— Presikhaaf III* 9 140 93- 182 
Wageningen 43 60 27- 117 
* Sub-area. 
(P = 0.05 and r = 0.32) between Pb and Cd in soil (0-20 cm). Considering this re­
sult, in combination with the relationships between Pb and Cd contents and dis­
tance to the smelter, it may be concluded that different sources, in part, are res­
ponsible for the Pb and Cd contamination. In this case traffic probably contri­
butes to both Pb and Cd, and the smelter to Pb only. 
Street dust 
Finger-attached street dust, especially the small dust particles, is one of the pos­
sible pathways of lead ingestion by little children (Barltrop, 1972; Lepow et al., 
1974). Street dust in big cities can contain large amounts of lead. Farmer & Lyon 
(1977) found an average Pb content of 960 mg/kg with a range of 150-2300. Le­
pow et al. (1974) mention a mean content of 1200 mg Pb/kg, whereas Roberts et 
al. ( 1974) report a value of 1002 mg/kg with a variation of 500-1561. In all these 
cases the analyses were performed on the fraction <2mm. Contents found are 
dependent on the fraction size studied, since highest concentrations have been 
found in the smallest fractions. 
The mean Pb and Cd contents of street dust in Arnhem were much higher 
than for soil (cf. Tables 2 and 3). This is attributed in part to fraction size differ­
ences. Compared to the values reported in literature Pb content of street dust in 
Table 2. Pb and Cd content (mg/kg) of different soil layers in the area 1 km around the lead smelter. 
Depth Number Pb Cd 
ofsamples arithmetic range arithmetic range 
mean mean 
0- 5 143 370 21-2309 1.60 0.28-10.47 
5-20 133 256 32-1167 1.28 0.17- 7.89 
0-20* 133 286 34-1126 1.37 0.20- 8.42 
* As calculated from the 0-5 and 5-20 cm samples. 
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Table 3. Pb and Cd content (mg/kg) of street dust (fraction <0.3 mm) in different sampling areas. 
Area Number of 
samples 
Pb Cd 
arithmetic 
mean 
range arithmetic 
mean 
range 
Arnhem, 't Broek 
Wageningen 
35 
6 
761 
350 
25-2667 
148- 720 
3.81 
1.43 
0.5-16.17 
0.6- 2.19 
't Broek-Arnhem is low; this is the more so as here the fraction <0.3 mm was 
taken. In Wageningen values both for Pb and Cd are much lower than in Arn­
hem due to lower traffic density and lack of other pollution sources. The high 
correlation (r = 0.85) between Pb and Cd in dust as derived from Fig. 6 is caused 
by the fact that both heavy metals in this material predominantly originate from 
the same source (traffic). Long-term accumulation by direct emission of the 
smelter is less probable because the street dust is regularly removed by cleaning 
and washing away into the street sewer system after rainfall. 
Measures to prevent the continuation of lead uptake 
In order to prevent further uptake of lead by children, contaminated dust and 
soil should be removed or their Pb contents decreased. 
A cleansing operation of the streets by sweeping and rinsing temporarily de-
minished the amount of dust and the degree of contamination. These effects, 
however, were temporary only because the main sources of pollution (traffic, 
surrounding contaminated soil) remained unaffected. 
A decrease of the lead content of the (top) soil can be achieved in different 
ways. Most effective is removal of the top-soil (0-20 cm) and replacement by un-
contaminated soil. The material removed has to be disposed of somewhere else 
where no adverse effects are to be expected. As an alternative displacement of 
lead within the soil profile can be considered. This can be achieved by acidifica­
tion, entailing dissolution of insoluble lead compounds and exchange from the 
adsorption complex, or by complexation with chelating agents like EDTA or 
DTPA, causing formation of soluble lead complexes. 
Soil removal, although being immediately effective, is very expensive. There­
fore it can be considered in severe cases only, where lead contents are so high 
that direct harmful effects to the health of children are to be feared. In the area 
studied at Arnhem the top layer (0-20 cm) was removed from all gardens with a 
Pb content exceeding 400 mg/kg in the upper 20 cm, and replaced with uncon-
taminated soil. 
In-situ treatment of the soil by acidification or complexation have not well 
been studied so far. Therefore these methods were not yet applicable to situa­
tions occurring in practice. Research on these approaches, of which the results 
will be presented in forthcoming papers, has been initiated. 
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Conclusions 
In the area 1 km around the lead smelter slightly elevated mean Pb contents in 
the soil were found compared to other urban areas. Lead contamination of soil 
could be ascribed mainly to Pb emissions from the smelter. Traffic, an impor­
tant pollution source for both Pb and Cd, was the main source for Pb and Cd 
contamination of street dust. Mean lead and cadmium contents of street dust 
were not high compared to other big cities. To prevent further uptake of lead by 
little children contaminated dust and soil had to be removed. At present other 
methods, for instance displacement of lead in the soil profile, are not applicable 
in practice. 
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